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Introduction

The chemical warfare agent sulfur mustard (2,2*dichlorodiethyl sulfide, mustard gas, HD)
produces serious injuries to the eyes, respiratory tract, and skin in unprotected personnel. The
specific biochemical mechanism(s) involved in creating these injuries has not yet been elucidated
but has been hypothesized as a cascade of events that may lead to vesication (1). Fundamental to
this theory is the postulated action of a secreted protease that would cleave the anchoring filaments
at the epidermal/dermal junction and result in the formation of a blister. Research performed
during the late 1940’ indicated that some type of proteolysis was involved in corneal loosening
following HD exposure to the eye (2). Rat skin exposed to HD showed the transient appearance of
a protease followed by its rapid disappearance (3). If a protease were involved in the blister
formation, anti-protease therapeutic measures could then be taken to mitigate the sulfur mustard
injury. ,

Recent research has shown that mustard exposure of a number of relevant in vitro models leads
to the appearance of a protease. A number of reports have shown increased serine protease activity
in human peripheral blood lymphocytes (PBL), human epidermal keratinocytes (HEK), Living Skin
Equivalent cultures, and hairless guinea pig skin biopsies (4 -7). An enzyme found in sulfur
mustard-exposed human epidermal keratinocytes has been purified and partially characterized (8)
and appears to be a serine protease of approximately 80 kDa. These studies have shown that these
in vitro models can be used to investigate hypothesized biochemical mechanisms of HD lesion
formation. These in vitro systems may also be used to rapidly search for therapeutic compounds
that can interfere with proteases presumably involved in the pathogenesis of the debilitating and
slowly healing mustard lesion. '

The development of medical countermeasures against sulfur mustard requires rapid and
convenient assays to measure biological endpoints of HD exposure. Since the number of candidate
anti-protease compounds is large, testing these compounds under ir vivo conditions is too
expensive. A rapid in vitro test is necessary for efficient screening of compounds and can be
accomplished by assays that measure protease action using 96-well tissue culture plates containing
either PBL or HEK. New fluorogenic substrates for detecting serine, acid, metallo- and sulfhydryl
protease activity have been developed by Molecular Probes; these substrates may allow the
measurement of broad spectrum protease activity using a microplate reader capable of fluorescence
detection. This study examines the possibility of using these substrates for a rapid and sensitive
protease assay in human cells that have been grown in vitro and exposed to HD.

Materials and Methods

Materials. RPMI tissue culture media, gentamycin, trypsin, phosphate buffered saline, trypan
blue, and other laboratory chemicals were purchased from Sigma Chemical Company (St. Louis,
MO). Percoll was obtained from Pharmacia (Piscataway, NJ). Human Epidermal Keratinocytes
(HEK), Keratinocyte Growth Media (KGM), and Trypsin-EDTA Epi-Packs were purchased from
Clonetics Corporation (San Diego, CA). Tissue culture vessels were purchased from Corning
Corporation (Corning, NY) or Falcon Corporation (Newark, NJ). EnzChek™ Protease Assay kits
were purchased from Molecular Probes (Eugene, OR). Sulfur mustard (CAS registry # 505-60-2,
96.8% pure) was obtained from the Edgewood Chemical and Biological Center, Aberdeen Proving
Ground, MD, USA.

Human peripheral blood lymphocyte isolation. Human peripheral blood lymphocytes (PBL)
were obtained from freshly drawn whole blood from human volunteers under an approved human
use protocol. The lymphocytes were isolated by Percoll (density 1.08) centrifugation as previously




described (9). Cells were counted and viability determinations were routinely performed by trypan
blue dye exclusion and the use of a hemacytometer. Cells were then resuspended in RPMI 1640 +
gentamycin (50 pg/mL), and 100 pL aliquots were dispensed into 96-well tissue culture plates at
the appropriate density for experimentation.

Cell culture. Normal human epidermal keratinocytes (HEK) were purchased as second passage
cells from Clonetics. They were cultured in Keratinocyte Growth Media (KGM) in T-150 flasks in
a 5% CO; incubator at 37°C. These HEK were harvested by using Trypsin/EDTA, counted by
using a hemacytometer and trypan blue, and subcultured into 24-well plates at densities ranging
from 5-10,000 cells/well. The media was changed on alternate days, and cells were grown until
confluencies of 80-90% were reached prior to experimentation.

Exposure of cells to sulfur mustard. A stock solution of 4 mM HD was diluted into either
RPMI (for lymphocytes) or KGM (for keratinocytes) and added to the appropriate cell culture
plates in a chemical surety hood to yield final HD concentrations varying from 10-500 uM. After
one hour at ambient temperature to allow reaction and hydrolysis of agent, the tissue culture plates
were transferred to a 37°C incubator under a humidified 5% CO, atmosphere for post-exposure
incubation.

Fluorescence Assay using Trypsin and EnzChek™ Kits. The 20X digestion buffer (0.2 M Tris-
HCI, pH 7.8 — 0.002 M NaN3) supplied in the EnzChek™ kit was diluted to 1X by addition of 19
volumes of doubly distilled water (i.e., 2.5 mL to S50 mL). A vial containing 200 ug of casein-
BODIPY-Fluorescein was reconstituted with 0.2 mL of doubly distilled water and mixed with 19.8
mL of 1X digestion buffer. According to product literature, this substrate is stable for up to 4
weeks at 4°C (12). Aliquots of 100 uL of Trypsin (1-10 ug/mL) were pipetted into the wells of a
96-well plate, and 100 nL of the casein-BODIPY-Fluorescein substrate (10 pg/mL) was added. The
plates were incubated for 1, 4, and 24 hours in a 37°C incubator under a humidified 5% CO,
atmosphere to determine the optimal conditions for running the assay. The plates were removed at
the appropriate times and read by placing in CytoFluor® II microplate fluorescence reader at room
temperature with excitation at 485 nm and emission measured at 530 nm.

Fluorescence Assay using Cells and EnzChek™ Kits. The 20X digestion buffer supplied in the
EnzChek™ kit was diluted to 1X by addition of 19 volumes of doubly distilled water (i.e., 2.5 mL
to 50 mL) as above. A vial containing 200 pg of casein-BODIPY-Fluorescein was reconstituted
with 0.2 mL of doubly distilled water and placed into 19.8 mL of 1X digestion buffer as above.
Alternatively, a vial containing 200 pyg of casein-BODIPY-Texas Red was first reconstituted with
0.2 mL of NaHCO3, pH 8.3 and then diluted in 19.8 mL of 1X digestion buffer.

The 96-well tissue culture plates containing PBL (+ HD) were removed from the incubator at
the appropriate times, and 100 uL of media was removed from each well. Aliquots of 100 pL of
the casein-BODIPY-Texas Red substrate (10 pg/ml) or casein-BODIPY-FI substrate (10 pg/ml)
were added to the PBL as well as to the appropriate blanks. The plates were mixed for 5 minutes
by gentle swirling on a Belly Dancer shaker (Stovall, Greensboro, NC) and then incubated in the
dark for 1 or 4 hours in a 37°C incubator under a humidified 5% CO, atmosphere. The plates were
removed from the incubator at the designated time, and 100 uL of supernatant from each well was
placed into the corresponding well in fresh 96-well plates. Samples were read at room temperature
in a CytoFluor® II microplate fluorescence reader (Perceptive Biosystems, Framingham, MA) with
excitation wavelength at 485 or 590 nm and emission wavelength measured at 530 or 645 nm
depending on the substrate used. :

In PBL lysis experiments, 120 puL of media was aspirated and discarded from each well.
Twenty pL aliquots of 10% Triton-X100 or RPMI media were added to the appropriate wells and
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the plates were incubated for 20 min to facilitate lysis. Aliquots of 100 uL of the casein-BODIPY-
Texas Red substrate (10 pg/ml) or casein-BODIPY-FI substrate (10 pg/ml) were added and mixed
for 5 minutes by gentle swirling on a Belly Dancer shaker (Stovall, Greensboro, NC). Plates were
incubated in the dark for 1 or 4 hours in a 37°C incubator under a humidified 5% CO, atmosphere
and processed as above.

The 24-well tissue culture plates containing HEK (+ HD) were removed from the incubator,
and the media from each well was aspirated off. The wells were covered with 1.0 mL of 1X
digestion buffer, followed by the addition of 1 mL of casein-BODIPY-FI (10 ug/ml) to each well.
The plates were incubated in the dark for 1 and 4 hours in a 37°C incubator under a humidified 5%
CO; atmosphere. The plates were removed from the incubator at the designated time, and 1.0 mL of
supernatant from each well was placed into the corresponding well in fresh 24-well plates. Samples
were read at room temperature in a CytoFluor® II microplate fluorescence reader with excitation
wavelength at 485 nm and emission wavelength measured at 530 nm.

In experiments where lysis of HEK was attempted, media was removed and 0.9 mL of
digestion buffer was added to each well followed by 100 4L of 10% Triton X-100, and the plates
were incubated for one hour at 37°C to encourage lysis. The fluorescent substrate was added and
the plates were incubated and processed as above.

Data Analysis. Data was analyzed by One Way Analysis of Variance (ANOVA), and the levels
of significance were p <0.05 (*) and p <0.01 (**).

Results
The optimal.conditions to perform this assay for high through-put were investigated by using
protease at various concentrations for two different times and two different temperatures.

The fluorescently labeled BODIPY-FI casein substrate was exposed to a serine protease,
trypsin, in a 96-well tissue culture plate as shown in Figure 1.
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Figure 1. Trypsin (in a final volume of 100 pL) was added to 96-well plates containing 100 pL
of casein-BODIPY-FI and incubated for 1 hour or 4 hours at either 25 or 37°C and then read at 530
nm after excitation at 485 nm. Each point is the mean + s.e.m. of 4 separate determinations.




The optimal conditions for the fluorescence assay using the casein-BODIPY-FI assay appeared
to be for 4 hours at 37°C, and these conditions were employed in all subsequent studies. Incubation
times for up to 24 hours did not increase the sensitivity of the assay since the background also
increased (data not shown).

The number of cells necessary to produce a measurable protease response was investigated by
using cell concentrations ranging from 1 x 10°— 2 x 10° cells/well. These results are presented in
Figure 2, and 2 x 108 cells/well gave the best signal/noise ratio, so this concentration was used in
subsequent studies.

500 -

—3 1 Hour
2723 4 Hour

400 4

300 A

200

Fluorescence Units

100

n

|
BENNNNNNNNNNNNNNNNNNY

N NNNNNNN\NY
ENNNNNNNNNN\NY

-

Cell Number / Well (x 10 %)

Figure 2. PBL at the indicated concentration/well of a 96-well tissue culture plate were
incubated for both 1 hr and 4 hr at 37°C. The supernatants (100 uL) were withdrawn and placed in
a fresh 96-well plate and read at 645 nm after excitation at 590 nm. Each point is the mean + s.e.m.
of 6 separate determinations.

The effect of HD on protease release from PBL was investigated by placing 2 x 10° PBL per
well in a 96-well tissue culture plate and exposing them to various doses of HD (10-500 uM) in a
surety hood. After 1 hr to ensure complete reaction of HD, plates were removed from the surety
hood and placed in a 5% CO, incubator at 37°C for the appropriate post-exposure incubation. One
hundred pL of supernatant was withdrawn from each well and replaced with 100 pL of casein-
BODIPY-Fl substrate. The plates were incubated for 4 hr at 37°C in a humidified 5% CO,

" incubator. Aliquots of 100 uL supernatant were then withdrawn, placed in fresh 96-well plates and

read on a Cytofluor® II microplate spectrofluorometer at 530 nm after excitation at 485 nm. The
results appear below in Figure 3.




600

400
300

200

Fluorescence Units

100 |

Ay
AR

&<

50 100 250 500
HD Concentration (uM)

o
-
°

Figure 3. Effect of 5 different HD concentrations on protease release from PBL. Cells were
treated with HD and assayed for protease as described. The supernatants (100 pL) were withdrawn
and placed in a fresh 96-well plate and read on a Cytofluor® II microplate spectrofluorometer at
530 nm after excitation at 485 nm. Each point is the mean + s.e.m. of 6 separate determinations.

The results from Figure 3 showed no activation of protease above that of control with the 5
different HD concentrations. Since the highly labeled casein substrate was not being hydrolyzed by
protease, it is likely that the substrate was staying outside the cell because it was quite bulky. Non-
lysed PBL and PBL lysed by exposure to 1% Triton X-100 were incubated with fluorescent

- substrate for 4 hours and the supernatants analyzed by the Cytofluor® II as described previously.
The results are shown below in Figure 4.
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Figure 4. PBL were exposed to the indicated concentrations of HD and assayed for protease 20
hours later. Cells (+ 1% Triton X-100) were incubated with fluorescent substrate for 4 hours as
described in Materials and Methods and processed as described previously. Each point is the mean
+ s.e.m. of triplicate observations in 2 experiments. Level of significance by ANOVA was p< 0.05
(*) and p <0.01 (**).




Unlysed PBL did not appear to release a protease with HD exposure, although cells lysed by
addition of 1% Triton X-100 did release some type of protease in a HD dose-dependent fashion.
Protease began to appear at 50 uM HD and reached a maximum of approximately 50% above
controls at 500 uM. The addition of the 1% Triton X-100 also caused higher background
fluorescence, presumably due to the unfolding of tertiary structure of the substrate in this detergent.

HEK exposed to HD were evaluated for protease with these fluorescent substrates by using
cells grown on cover slips to 100% confluence (10). The data are shown in Figure 5 below.
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Figure 5- HEK grown on coverslips to 100% confluence were exposed to the two
concentrations of HD and then incubated for 22 hours. The cells were processed as described and
the supernatants were analyzed for protease activity. Each point represents the mean + s.e.m. in
duplicate samples of 5 separate determinations.

When HEK grown on coverslips in 6-well tissue culture plates were exposed to 2 different
concentrations of HD, there did not appear to be any HD-stimulated release of protease using these
fluorescent substrates. Even though supernatants were withdrawn at 1, 4, and 24 hours for
analysis, the substrate was not hydrolyzed to any measurable extent above untreated controls using
HEK grown on coverslips. Cover slips were not exposed to Triton X-100 for lysis.

HEK grown on more conventional tissue culture support media were investigated for HD-
stimulated protease release. In these experiments, HEK grown to confluencies of 80-100% in 24-
well tissue culture plates were exposed to HD and analyzed 22 hours later. The data is shown
below in Figure 6. Triton X-100 exposure of HEK did not influence protease release (data not

shown).
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Figure 6. Twenty-four-well tissue culture plates of HEK were grown to confluencies of 80-
100% and exposed to the indicated concentrations of HD. After 22 hours, fluorescent substrate was
added and the supernatant was assayed for protease release at 1, 4, and 24 hours. Each point
represents the mean + s.e.m. in 5 separate determinations.

At any of the times examined, protease release did not occur as a function of mustard treatment
with HEK grown in 24-well tissue culture plates. Supernatants withdrawn at 1, 4, and 24 hours
from HD-treated cells did not show any measurable substrate hydrolysis compared with non-
exposed controls. A Triton X-100 lysis step did not influence release of protease.

Conclusions

Proteases have been implicated as responsible for the epidermal-dermal separation seen in the
evolution of the frank blister from HD exposure (1). Some in vitro studies as well as a few in vivo
studies appear to support this hypothesis. The inhibition of protease activity could be an important
step in the treatment of the incapacitating and slowly healing blisters formed from HD exposure to
skin. Anti-protease compounds have been identified as potential anti-vesicant medical
countermeasures, but no convenient assay has been developed to assess their efficacies against
protease activity.

A rapid and sensitive protease assay should be developed that uses substrates whose hydrolysis
can be conveniently measured. Some of the protease assays use radioactive substrates whose
hydrolysis products can be measured by scintillation counting, but disposal costs of radioactivity
make these types of assays prohibitive. Some of the substrates have chromogenic leaving groups
that can be measured spectrophotometrically, and our institute has investigated their possible use in
some limited studies (11).

Recently, Molecular Probes has developed some fluorescent protease substrates that are
sensitive to a variety of serine, cysteine, acidic, and metallo-proteases. These casein molecules are
heavily labeled with either BODIPY-Fluorescein or BODIPY-Texas Red dyes that exist in a highly
quenched form. Protease activity releases these dye-labeled peptides with an increase in
fluorescence that is proportional to enzyme activity and can easily be measured by using a‘




microplate reader. These substrates were investigated by using two of our in vitro models, human
PBL and HEK.

PBL have been used for studying effects of HD and do release proteases when using
Chromozym TH from Boehringer Mannheim in selected donor PBL (11). According to this study,
PBL from 7 out of 13 donors consistently displayed protease release following exposure to HD and
appeared to be thrombin-like since the Chromozym-TH substrate was hydrolyzed. When the HD-
exposed PBL were assayed for protease using the casein-BODIPY-substrates, none of the cells
released protease as a function of HD exposure. When cells were lysed by the addition of 1%
Triton X-100 and then incubated with the fluorescent substrates, there was a HD-dependent
increase in protease activity. The fluorescently labeled substrates did not appear to be able to
penetrate the cell, and lysis was necessary to distinguish any protease activity induced by the HD.

Prior studies with human epidermal keratinocytes (HEK) showed that there was protease
activity between 100 and 300 uM HD with the chromogenic substrates Chromozym U and
Chromozym t-PA. Using the fluorescently labeled casein-BODIPY substrates, no protease activity
in HEK could be shown at HD concentrations ranging from 10-500 uM. HEK grown in 24-well
tissue culture plates did not demonstrate protease activity even when 1% Triton was added (data not
shown).

Fluorescently labeled casein substrates did not appear to be useful in devising a rapid 1-step
assay for studying protease release in HD-exposed PBL or HEK. An intermediate Triton X-100
lysis step is mandatory if PBL are used and did not appear to work using HEK. The casein
substrate appears to be hydrolyzed only if cells are lysed after exposure to HD.



]

o
A
]

References

(1) Papirmeister B, Feister AJ, Robinson SI, and Ford RD (1991) Medical Defense Against

e Mustard Gas: Toxic Mechanisins and Pharmacological Implications, CRC Press, Boca
Raton, Florida.
v (2) Levy M (1946) Effects of Sulfur and Nitrogen Mustards on Proteins, Enzymes, and Cells.

In Chemical Warfare Agents, and Related Chemical Problems, Parts III-V]. Summary
Technical Report of Division 9, National Defense Research Committee of the Office of
Scientiﬁc Research and Development, Washington, DC, DTIC No. AD-234249.

(3) Renshaw B (1946) Mechanisms in Production of Cutaneous Injuries by Sulfur and
Nitrogen Mustards. In Chemical Warfare Agents, and Related Chemical Problems, Parts
- MI-VI. Summary Technical Report of Division 9, National Defense Research Committee
-~ . of the Office of Scientific Research and Development, Washington, DC, DTIC No. AD-
-~ 234249.

A (4) Cowan FM, Broomfield CA, and Smith WJ (1991) Effect of Sulfur Mustard on Protease
/ Activity in Human Peripheral Blood Lymphocytes, Cell Biol. Toxicol., 7 (3): 239-248.

-/ (5) Smith WIJ, Cowan FM, and Broomfield CA (1991) Increased Proteolytic Activity in
Human Epithelial Cells Following Exposure to Sulfur Mustard, FASEB J 5: A828

(6) Smith WJ and Gross CL (1991) Early Events in the Pathology of Sulfur Mustard In Vitro:
Approaches to Intervention. Proceedings of the NATO, Panel VIII Meeting, Grenoble,
France.

(7) Cowan FM, Bongiovanni R, Broomfield CA, Schulz SM, and Smith WJ (1994) Sulfur
Mustard Increases Elastase-like Activities in Homogenates of Hairless Guinea Pig Skin, J.
Toxicol. Cut. Ocular Toxicol. 13: 221-229.

(8) Chakrabarti AK, Ray P, Broomfield CA, and Ray R (1998) Purification and
Characterization of Protease Activated by Sulfur Mustard in Normal Human Epidermal
Keratinocytes, Biochem. Pharm. 56, 467-472.

(9) Meier HL, Gross CL, and Papirmeister B (1987) 2,2>-Dichlorodiethyl Sulfide (Sulfur
Mustard) Decreases NAD+ Levels in the Human Leukocyte, Toxicol. Lett, 39, 109-122.

(10)Nipwoda MT and Smith WIJ (1999) Production of Normal Human Epidermal Keratinocytes
for Use in Biotoxicology Research, USAMRICD-TR-99-04, US Army Medical Research
Institute of Chemical Defense, Aberdeen Proving Ground, MD, ADA366576

(11) Corun CM, Kelly SA, Gross CL, and Smith WJ (2000) Development of an In Vitro Assay
of Mustard-induced Proteolysis Using Human Cells in Culture, USAMRICD-TR-00-02,
May 2000, US Army Medical Research Institute of Chemical Defense, Aberdeen Proving
Ground, MD.

(12) Molecular Probes Product Information Sheet, MP06638, 09/09/1997, Eugene, GR




DISTRIBUTION LIST

Addresses

DEFENSE TECHNICAL INFORMATION
CENTER

ATTN DTIC OCP

8725 JOHN J KINGMAN RD STE 0944
FT BELVOIR VA 22060-6218

COMMANDER

US ARMY MEDICAL RESEARCH AND
MATERIEL COMMAND

ATTN MCMR PLD

504 SCOTT ST

FORT DETRICKMD 21702-5012

HQDA

OFFICE OF THE SURGEON GENERAL
5109 LEESBURG PIKE SUITE 691
FALLS CHURCH VA 22041-3258

DIRECTOR

WALTER REED ARMY INSTITUTE OF
RESEARCH

ATTN MCMR UWZL

503 ROBERT GRANT AVENUE
SILVER SPRING MD 20910-7500

COMMANDER

US ARMY AEROMEDICAL RESEARCH
LABORATORY

ATTN SCIENTIFIC INFORMATION CENTER
PO BOX 577

FORT RUCKER AL 36362-5000

COMMANDER

US ARMY MEDICAL RESEARCH INSTITUTE

OF INFECTIOUS DISEASES
1425 PORTER ST
FORT DETRICK MD 21702-5011

COMMANDER

US ARMY RESEARCH INSTITUTE
OF ENVIRONMENTAL MEDICINE
ATTN MCMR UE ZS (MS SAFRAN)
BUILDING 42

NATICK MA 01760-5007

COMMANDANT

US ARMY CHEMICAL SCHOOL
ATTN ATZNCM C

FORT MCCLELLAN AL 36205

Copies

2

11

DIRECTOR 1
ARMED FORCES MEDICAL

INTELLIGENCE CENTER

1607 PORTER STREET

FORT DETRICK MD 21702-5004

COMMANDER v 1
US ARMY INSTITUTE OF DENTAL RESEARCH
BUILDING 40

WASHINGTON DC 20307-5300

COMMANDER 1
US ARMY INSTITUTE OF SURGICAL
RESEARCH

BUILDING 2653

FORT SAM HOUSTON TX 78234-6200

COMMANDER 1
USAMEDD CENTER & SCHOOL

ATTN MCCS FC :

FORT SAM HOUSTON TX 78234-6100

COMMANDER 1
USAMEDD CENTER & SCHOOL

ATTN MCCS FCD

FORT SAM HOUSTON TX 78234-6100

DIRECTOR 1
ENVIRONMENTAL AND LIFE SCIENCES
OFFICE OF THE DEPUTY DIRECTOR FOR

- RESEARCH AND ENGINEERING

ROOM 3D129
WASHINGTON DC 20301-2300

COMMANDER 1
US ARMY TRAINING AND DOCTRINE

-COMMAND

ATTN ATMD
FORT MONROE VA 23651

COMMANDER 1
US ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD

BUILDING 2073

SPRINGFIELD VA 22150-3198




COMMANDER 1
US ARMY MEDICAL MATERIEL

DEVEOPMENT ACTIVITY

ATTN MCMR UMD

622 NEIMAN ST

FORT DETRICK MD 21702-5009

EXECUTIVE OFFICER 1
NAVAL MEDICAL RESEARCH INSTITUTE
NAVAL MEDICINE COMMAND

NATIONAL CAPITAL REGION

BETHESDA MD 20814

DEPARTMENT OF THE NAVY 1
NAVAL POSTGRADUATE SCHOOL

DUDLEY KNOX LIBRARY

411 DYER ROAD

ROOM 110

MONTEREY CA 93943-5101

USAF ARMSTRONG LABORATORY/CFTO 1
SUSTAINED OPERATIONS BRANCH
BROOKS AFB TX 78235-5000

DEPARTMENT OF HEALTH AND HUMAN
SERVICES 1
NATIONAL INSTITUTES OF HEALTH

THE NATIONAL LIBRARY OF MEDICINE
SERIAL RECORDS SECTION

8600 ROCKVILLE PIKE

BETHESDA MD 20894

STEMSON LIBRARY 1
ACADEMY OF HEALTH SCIENCES

BUILDING 2840 RM 106

FORT SAM HOUSTON TX 78234-6100

US ARMY RESEARCH OFFICE 1
ATTN CHEMICAL AND BIOLOGICAL
SCIENCES DIVISION :

PO BOX 12211

RESEARCH TRIANGLE PARKNC 27709-2211

12

AFOSR/NL
BUILDING RM A217
BOLLING AFB DC 20332

COMMANDER

US ARMY EDGEWOOD CHEMICAL AND
BIOLOGICAL CENTER TECNICAL LIBRARY
ATTN AMSSB RC | (E3330)

E5183 BLACKHAWK ROAD

ABERDEEN PROVING GROUND MD
21010-5424

LTC RICHARD R. STOTTS

BATTELLE MEMORIAL INSTITUTE JM 3
505 KING AVENUE

COLUMBUS OH 43201-2695

COMMANDER
US ARMY MEDICAL RESEARCH
INSTITUTE OF CHEMICAL DEFENSE
3100 RICKETTS POINT ROAD
ATTN MCMR UV ZA
MCMR UV ZB
MCMR UV ZS
MCMR UV RC (5 copies)
MCMR UV R (11 copies)
MCMR UV AIW
MCMR UV D
MCMR UV P
MCMR UV C
ABERDEEN PROVING GROUND MD
21010-5425




